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Background / Introduction

* Next-generation sequencing in clinical and public health
applications

* Integrating next-generation sequencing into clinical
laboratory testing

* Practice and regulatory framework for assuring the
qguality of clinical next-generation sequencing

* Proposed CLIAC Workgroup

 Questions for CLIAC
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Next-Generation Sequencing in Clinical and Public Health

Applications
Pediatrics:
* Rare Disease ' | Chronic Disease

* Developmental Disabilities

_I:| Carrier Screening:
* Carrier Screening

. Cancer

Affected

g Pathogens:

S - Identification

¢ Qutbreak response
* Antibiotic resistance
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What is the Landscape of Next-Generation

Sequencing Offerings in the United States?

New York Clinical Laboratory Evaluation Program 81 Laboratories
https://www.wadsworth.org/regulatory/clep/approved-ldt  (searched 3/23/2018)

College of American Pathologists Accreditation 331 laboratories
Data (per organizational contact) (provided 3/16/2018)

Genetic Testing Registry

. . L .
https://www.ncbi.nlm.nih.gov/str/ 80 Laboratories

(Provided 3/12/2018)



https://www.wadsworth.org/regulatory/clep/approved-ldt
https://www.ncbi.nlm.nih.gov/gtr/

Workflow: Next Generation Sequencing

E -
Indication for Discard low
i uality sequence
testing 9 y5eq Test result
_ reads ,
_ Sample Preparation received

Test selection

Alignment/ ——
de novo assembly nica :
Specimen and Interpretation

: Instrument : :
patient data Sequencing Variant calling/

collection Pathogen ID Application to
patient care

Test order Laboratory

interpretation
Clinical Laboratory Clinical

setting setting Reporting setting
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Framework for the
Implementation of Clinical NGS Testing

As of 2018, the majority of clinical NGS tests are developed
within the laboratory that they are offered.

uality Control Proficiency Testin
VALIDATION Gy y {estingy
Procedures Alternate Assessment

)

TEST DEVELOPMENT /
OPTIMIZATION

MM

DAILY PERIODICALLY

Gargis et al., Nat Biotechnol. 2012;30:1033
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Practice and Regulatory Framework for Assuring the
Quality of Clinical Next-Generation Sequencing

Applying the CLIA regulations to clinical next-generation
sequencing is challenging due to the novelty and complexity
of the technology, and new paradigms for data analyses

* Code of Federal Regulations. The Clinical Laboratory
Improvement Amendments (CLIA). 42 CFR Part 493 sec. 1256.

* Interpretive guidelines: https://www.cms.qgov/Requlations-and-
Guidance/Guidance/Manuals/Downloads/som107ap c lab.pdf
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https://www.cms.gov/Regulations-and-Guidance/Guidance/Manuals/Downloads/som107ap_c_lab.pdf

Applying CLIA to Next-Generation Sequencing

in the Clinical Setting

* Test validation (CLIA general requirements at §493.1253)
* Quality control procedures (CLIA general requirements at §493.1256;
unidirectional workflow for molecular amplification at §493.1101 (a)(3))
e Quality control materials (physical and electronic)?
* Use of external data to support analyses?

* Test ordering (CLIA general requirements at §493.1241)

* Result Reporting (CLIA general requirements at §493.1291)

* Proficiency testing (CLIA does not specify PT requirements for NGS, so
alternative performance assessment requirements at §493.1236(c)
apply)

* Personnel competencies (Subpart M; No specific requirements)

* Bioinformatics pipeline quality assessment (No specific requirements)

Other issues:

» Distributive testing — single test / multiple sites
* Reporting of secondary findings

* Reanalysis
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Next Generation Sequencing:

Standardization of Clinical Testing

Assuring the quality of next-generation sequencing in
clinical laboratory practice

To the Editor:

We direct your readers’ attention to the
principles and guidelines (Supplementary
Guldelines) developed by the Next-
generation Sequencing: Standardization of

The workgroup recommendations
are summarized in Table 1. Although
the workgroup focused on detection of
DNA sequence variations assoclated with
heritable human disorders, many of the

treatment of cancer and Infectious-discase
testing.

Validation is the process of establishing
analytical performance specifications for a
clinical test system developed in house to

Principles and Recommendations for
Standardizing the Use of the Next-Generation
Sequencing Variant File in Clinical Settings

Ira M. Lubin,* Nazneen Aziz,'' Lawrence J. Babb," Dennis Ballinger,* Himani Bisht,' Deanna M. Church,**'' Shaun Cordes,*

principles and recommendations described  confirm that the system is suitable for its
are also relevant to the application of NGS intended use’, During the validation process,
the laboratory must demonstrate that the
assay functions as expected and provides

Clinical Testing (Nex-StoCT) workgroup.
These guidelines represent initial steps to
ensure that results from tests based on next-  to other areas of laboratory medicine,
generation sequencing (NGS) are reliable including the diagnosis, prognosis and
and useful for clinical decision making
The US Centers for Disease Control and
Prevention (CDC) convened this national m g

K use
workgroup, which collaborated to define Requirements for
platform-independent approaches for test

for establishing NGS test s

NGS-specitic

John D. Pfeifer,
Karl V. Voelkerding,

Good laboratory practice

Objective - - -
establishing technical process elements of Validation Document rell-  sPlatiorm validation; establish that the system pec fo r c I I n Ic a I n ext_ e n erat I 0 n
a quality management system (QMS) to ability of the 20QUENCO Analysis Across the gencenic regions ta

assure the analytical validity and compliance platfom, fo6%,  «Tost validation: establish that the system cormect

S8 pn e st it sequencing informatics pipelines

tosting of patieat
workgroup identified and addressed gaps in spacimens

einformatics pipeling validation: establis
roliaby analyze platform data to produce an aco

To the Editor:
We report principles and guidelines
(Supplementary Note) that were developed

Gargis et. al. Nat. Biotechnol. 2012;
30:1033-1036+ Supplemental

by the Next-Generation Sequencing:
Standardization of Clinical Testing I1
(Nex-StoCT II) informatics workgroup,
which was first convened on October
11-12, 2012, in Atlanta, Georgia, by

the US Centers for Disease Control and
Prevention (CDC; Atlanta, GA). We present

recommendations are summarized in

Table 1, and detailed in the guidelines

presented in the Supplementary Note.
Currently, most clinical NGS tests

are offered as laboratory-developed

tests (LDTs), which are tests designed,

manufactured and used within a single

laboratory. These tests use commercially

available sequencing platforms to generate

raw sequence data that are subsequently

Gargis et al. Nat. Biotechnol.
2015;33: 689-693 + Supplemental

Heidi L. Rehm,*** Somak Roy,
Elizabeth Worthey,*** Alexander W. Zaranek,

Karen Eilbeck,”" Fiona Hyland, " Lisa Kalman,* Melissa Landrum,'' Edward R. Lockhart,* Donna Maglott, ' Gabor Marth,**
Zivana Tezak, ' Rebecca Truty,” Mollie Ullman-Cullere,

**** and Justin M. Zook

Lubin IM et al. ] Mol
Diagn. 2017;19:417-426

CDC facilitated the development of the first consensus guideline

for clinical next-generation sequencing.
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The Food and Drug Administration:

Draft Guidance for Next-Generation Sequencing

Contains Nonbinding Recommendations

Draft - Not for Implementation

. Infectious Disease Next Generation
Sequencing Based Diagnostic Devices:
Microbial Identification and Detection

A of Antimicrobial Resistance and

Contains Nonbinding Recommendations

$ Vil‘lllence Mal‘kers Draft - Not For Implementation
6 .
¢ Food and Drug Administration Staff > Oversight of Next Generation
0 s Sequencing (NGS)-Based In Vitro
10 DRAFT GUIDANCE e %
1 " Diagnostics (IVDs) Used for
12 This draft guidance document is being distributed for comment purposes . " 3 .
:: only. 5 DlagnOSIng Germllne Dlseases Contains Nonbinding Recommendations
15 Document issued on: May 13, 2016 ‘ = Drafs= ot For Ieplemeniarion
16 » Draft Guidance for Stakeholders and Uscof Bkl B Gontllo N st
. . . l
: Foad and Dyug. S\guiniztratgn Staff > Databases to Support Clinical Validity
# s s ¢ ; for Next Generation Sequencing
ii This draft guidance document is being distributed for comment purposes only. ¥ (NGS)_Based In ‘Iitro Diagnostics
}2 Document issued on July 8, 2016. 2
16 Yon shonld submit ¢ and 2 ding this draft document within 00 davs of 2 Draft Guidance for Stakeholders and
s Food and Drug Administration Staff
9
10 DRAFT GUIDANCE

12 This draft guidance document is being distributed for comment purposes only.

14 Document issued on July 8, 2016.

16 You should submit comments and suggestions regarding this draft document within 90 days of
publication in the Federal Register of the notice announcing the availability of the draft
gmdance Subnm elecuomc commcms lo hng \wn\ regﬂauons zo Subnm \mnen
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A Sampling of Professional Guidance

Cutacal o Applications of
Clinical Microbial
Next-Generation

Sequencing

INSTITUTE February 2014

FLSEVIER

SPECIAL ARTICLE

Next-Generation Sequencing for Infectious
Disease Diagnosis and Management

Guidelines for diagnostic next-generation sequencing

Gert Matthijs' 4, Erika Souche!, Manitlle Abens’, Anmick Corvleyn', Schastian Fk’, Ise Fe
Valérie Race, Erik Sistermun’, Marc Sturnd®, Marjan Weiss’, Helger Yntema', Eghert Bakker
and Peter Bauer*

Nucleic Acid Sequencing Methods in
Diagnostic Laboratory Medicine; Approved
Guideline—Second Edition

We present, cn behalt of EwnGeotest sad the Esrcpesn Society of Human Geoetics, udelises
of ot genenation sequencing INGS) appiic ations for the dagnoss of penetic Gisorders. The wol
Uboratory proeticists and bisnformatic ians. and dincussed with Chical genetic sts, industry and pasents” mpresentabves. and
othes stabehokders s e fehd of human genetics. The statements tht wee writhes dusng the elabomtion of the fuidelines e
presamted here. The background document and Iul gusdeines an avadable 2 supplementary material, They inchide many
wxampies 15 a54ist the Libarsteries 10 the impleeentaton of NGS and accreditation of B4y varvice, The work and iGeas preserted
Ly cthers in puidelines that Bave eemerped ehuewhace in e courie of the Gt Sew years were o coniidered aad are
chnowledged in the full test. Interestingly, e imights that have (o boen ¢ited bebore Rave emerged durng the
freparation of the guidelines. The most (mportant sow feature & the presentation of 2 ‘ating system’ for NGS-based dlagrosti
Sests. The pukdefines and stabements have been applaused by e genetic Giagsoutc Commundty, asd thes seen 1o be vauble
for the harmosization an

Eumpmn Joumal of My

A Report of the Association for Molecular Patholog

Martia L Lefteron, *" Carfos J. Suarez. ' Wiaz Banael,*"' and Benfamin A, Plasky”

1 Snpareing b oot Dbt Work g, * Reshesd, Manlond
3 nd Goraphic Modiing, Soanford Uniwemiry Schow

Geneti
[ —— ACMG PRACTICE GUIDELINES ‘ inl\mﬁne

The ASCP o e 1 sl N OE ety (TN 35 CAR. P i Moo g
kol (e OB s e i (e 4t f B peaipeen 1 th it

L LT LT [ T e ——rapm——

Acorpaad o publison
Iy 2, 018, et d

infectios Cmses. Herein, we revion the appScatio
Ginct Setaction of urknown Ssesse

ACMG clinical laboratory standards for next-generation
sequencing
Heidi L. Rehm, PhD™, Sherri J, Bale, PhD', Pinar Bayrak-Toydemir, MD, PhD*, Jonathan S, Berg, MD",
Kerry K. Brown, PhD*, Joshua L. Deignan, PhD’, Michael J. Friez, PhD*, Birgit M. Funke, PhD",

Madhuri R. Hegde, PhD” and Elaine Lyon, PhD*; for the Working Group of the American College of
Medical Genetics and Genomics Laboratory Quality Assurance Committee

AR oo b
espun A Py, MD.
D Oepuriment of et Lot s typieg.
0gs. Stumtord Univeraty o5, 1) 459
Schond of Mediine, 1173 epccbacteriology, and mycobogy, an T, L= MCOROLOGY
Hllvow A Roon 2913, Pie  Although NGS halds enomon promise for chaial infectionn disease testing, m
Ab, CA SO0, Kannd aton, standendizing tedwical protecols and bioinkomancs poebn
Moty bt g proficienty bes beg and quality ot o marsers, ded toduc .
i, 38 of which would be swces vy for widespread adoton of NG5 is dinical mis ¥ Labor ories
(9 Mci Doge 2025, 17: 621 €34 W s 7.004)

CAP Laboratory Improvement Programs

Best practices for evaluating single
nucleotide variant calling methods
for microbial genomics

Nathan D. Ofson"*, Steven P. Lund*, Rebecca E. Colman®, Jeffrey T. Foster ',
Jason W. Saht*, James M. Schupp’, Paul Keim**. Javne B. Morrow '. Marc L. Salit** and
! Bomystoms and Bomatoriah Dvision, Matorsl Moasuroment (3

SR SPECIAL ARTICLE

o ltnokogy Gatnentars M0, A v o oo - Guiidelines for Validation of Next-Generation

Next Generation
Sequencing
Implementation

College of American Pathologists’ Laboratory Standards -
Newt generatnn sequenciag techaciogies have b . - . .
b e s chal e, csbdog 7 for Next-Generation Sequencing Clinical Tests
In procenk madikise. T techmobgies have
large. scale sequencing by several aedens of magn
oo advances are being made. & i now feadble
e pedens b sl
oL we e ok s Nt
g v s it faher s
ki e et s

0 raged advances come addiional challenges i
validitnon annd e of these comtantly evivicg

A. INTRODUCTION
Sequencing technologles have evolved rapkd
years, Sem.astomnated Sanger sequencing |
clinkal 1 years and & sl <o
standard. However, ts Benitations nchude Jon
high cost, making meligene panels liborior
Recent technological advancements have radi
landscape of medical sequencing, Next.gen

® Contert,—The highee Groughput and lower per-base
cost of next generation sequencing (NGS) as compared o
Sanger sequencing has led to its rapid adeption i clinical
testing, The number of laboratories edfering NGS-based
tests has abo grown comiderably in the past few years,
despite the Gact that specific Clinical Laboratory fmproves
ment Amesdments of 1968/ College of Amevican Patholo-
gists (CAP) Laboratory standards had not yet been
developed 1o regulate this technology

Obyjective.~To develap & checkdint for clinical testing
wsimg NGS technology that sets standards for the analy ic

wet Bench pricess and foe bicinformatics or “dey beneh”
analyses. As NGS-based clinical tests are new 1o dignostic
testing and are of much greater complexity than addional
Samger vequencing-baed ey, there is an urgent need o
develop new regulatory stasdasds for Laboratoies offering
these tests.

Design,—To develop the necessary regulatory frame-
work foe NGS and to facTitate appropriate adogtion of this
techaalogy for dlisscal lesting, CAP formed  comesitiee in
2011, the NGS Work Group, 1o deliberate wpon the
contents 10 be included in the Checklist,

Resaalts.—A total of 18 Laboratory accreditation checkSst
for the analytic wet bench process and

inoatons in smgm;sa techndioges han A Joint Consensus Recommendation of the Association for
ddvances 1 understandng bASHeal S o tocylar Pathology and College of American Pathologists

increasinaly recoanize that analvana the \
Suzanne Kamel-feid, """ Ira M. Lubin,**** Jobn Pfeifer,

N. Nikorova*

Flogstaft, AZ, USA, * Conter Sor Microbsd Geretics and Ganomica

U Deperimar o oo, Sukrauownay st Saquencing—Based Oncology Panels

Y x2x%

<

** Christopber Corless,”

rtment kerding,*"** and Marina

ATE OF
crrontry. | of Health

bivinformatics analysh processes Rave been included
within CAs mobecubse pathelogy checklist (MOL)

Conclnions. —This report describes the inportant isaes
comidered by the CAP committee during the development
of the mew Checkint requin ements, which address documen.
tation, validation, quality aweeance, confematoey testing,
exception logs, menitoring of upprades, variant interpreta-
thon and reporting, incidental findings, data stocage, version
traeabibty, and dats ramber confidentiality

(Arch Patfvod Lab Med. 20151 1%:481-49%; dok: 10,5858
arpa.2014-0250.CP)

Ing (NGS) technologies utilize clonally e
malecule templates, which are then sequenc
parallel fasbion This tncreases throughpst b
magnitude. NGS techinologies are now beng
clinical settiegs. Three maln levels of anatyst

HOWARD A. ZUCKER, M.D_ J.D. SALLY DRESLIN,
o Execu

ANDREW M. CUOMO
Governor 1oner xecutive Deputy Cc

UPDATED AND REVISED March 2016
Oncology ~ Molecular and Cellular Tumor Markers

“Next Geaeration™ Sequencing (NGS) guidelines for somatic genetic variant detection

The following describes requirements for the developenent of procedures and the establishment of
performance (validation) of assays for the detection of somatsc genetic vanants by Next




Summary

* Next generation sequencing is continuing to integrate into
diverse medical disciplines.

e Bioinformatics (computational analysis) comprises a
significant component of the test.

« Communication between the laboratory professional (s) and
clinician(s) is vital toward understanding of the available
testing, limitations, and test findings

* Clinical NGS testing is covered under CLIA but application of
the laboratory requirements may not be sufficiently defined.
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Proposed CLIAC NGS Workgroup

Proposed Charge

Provide input to CLIAC for consideration in developing
recommendations to CDC, CMS, and FDA for assuring the quality
of next generation sequencing in clinical laboratory settings

Proposed Workgroup Tasks

o ldentify challenges in applying the existing regulatory
framework

o ldentify challenges and gaps in guidance

o Consider and suggest strategies to address the identified
gaps and challenges

o Consider and suggest strategies for assuring workforce
competency
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Questions for CLIAC

1. What major gaps and issues do laboratories experience
when implementing NGS-based testing for various
applications?

2. What guidance is lacking for laboratories that perform NGS
testing to address critical steps in the total testing process?

3. How can CDC, CMS, and FDA assist in filling NGS-related
gaps and providing guidance to laboratories?
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Ira M. Lubin, PhD, FACMG
ilubin@cdc.gov

For more information please contact Centers for Disease Control and Prevention

1600 Clifton Road NE, Atlanta, GA 30333
Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348
E-mail: cdcinfo@cdc.gov | Web: www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.
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